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ORGANIC CHEMICALS 


(Being the third of a series of advertisements of Eimer & Amend setting forth accomplishments 
during the world war.) ie 


Self reliance is one of the stern lessons taught American industry by the war. 


To be confronted by the sudden stoppage of supplies theretofore imported from Central Europe 
and upon which great dependence had for years been placed, was a most serious matter. 
Early in 1915 when the blockade of the Allied nations became effective, the situation, in 
particular with regard to organic chemicals so badly needed for medicinal and industrial 
work, was fraught with serious consequences. The demand for them continued unabated 
—in fact, rapidly increased in volume—in the face of dwindling stocks on hand which 
Cc not be replenished from the former sources of supply. It is true that Eimer and 
Amend had large supplies on hand, and that we must make grateful acknowledgment to 
our many friends in assisting us to conserve our stock—many of our customers allowed us 
to cut down to small percentages the quantities specified by them in their orders—never- 
theless it required no great foresight to realize that the end of supplies was a matter of 
months, possibly weeks or days even. 


Fortunately, the situation acted as a stimulant; an incentive to “get busy”—a challenge to do 
things. We believe no-American regarded it as a calamity to be bewailed. Undeterred 
by the realization of the fact that, to be of any help at all, a large number of items would 
have to be produced, that there was but relatively small demand for many of them, that 
much preliminary research work would have to be done, and that heavy expenses would 
have to be incurred for factory equipment and. incidental costs, Eimer & Amend set out 
to do their bit to meet this emergency. The first research work was undertaken in our 
New York laboratory early in 1915. In the beginning only a few chemicals could be 
produced and these only in inadequate quantities; but, by the time this country had en- 
tered the war, the output was already by no means negligible. 


Our efforts found ready encouragement and response, not only from governmental departments, 
but also from industrial concerns, medical and educational institutions—so that about a 
year ago we undertook the purchase of a factory in Newark, N. J. Although much of the 
intervening time has been consumed in buying, assembling and installing the necessary 
equipment, we now are proud to be able to announce that we have already produced in 
our own t approximately one hundred different chemicals. Some of the most inter- 
esting are listed below, but others, not named here, were undoubtedly of equal importance 
in the crisis which has just passed. 

Inquiries for organic chemicals are welcomed by us and if the desired items are not available for 
immediate me their manufacture will be taken under consideration by us: for 
having participated in the founding of this new industry in the United States and being 
desirous of having a large share in its continuance on as independent a footing as possible 
we shall from time to time add to our present equipment, so as to increase scope and 
quantity of our production, to keep pace with the demands made upon us. 


Acetamid Galactose Mucic acid 

Allyl alcohol Hydroxylamine hydrochloride Nitrosobetanaphthol 
Amidoacetophenone P. Hydroxylamine sulfate Phenacetolin 

Anthranilic acid Hexachlorbenzol Phenylhydrazin base ; 
Arabinose Iodic acid Phenylhydrazin hydrochloride 
Camphoric acid Iodic anhydride Potassium iodate 

Caprylic alcohol Methyl iodide Salicylic aldehyde 
Dextrose, c.p. Methyl orange Selenium dioxide 

Dimet idoazobenzol Methyl red Sodium Bismuthate 
Dimethylglyoxime Monobrom-Naphthalene-a _ Sodium iodate 

Ethyl iodide Malonic acid ethyl ester Sulfanilic acid 
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Important Announcement 


We have purchased from the Bausch & Lomb Optical Company, 
their entire stock of high-grade CHEMICALS, CHEMICAL 
AND BACTERIOLOGICAL APPARATUS, REAGENTS and 
other LABORATORY SUPPLIES. Weare prepared, therefore, 
to meet your laboratory needs of every description with un- 
usual satisfaction. 





Practically the entire Bausch & Lomb organization in the Chem- 
ical Department accompanied the stock, and we have thus been 
enabled to begin operations without interruption. 


We shall always maintain a carefully assorted stock of Chem- 
icals, Glassware and Laboratory Apparatus of recognized stand- 
ard, which can be guaranteed without reservation. 


Our Glass Blowing Department is fitted with modern equipment 
permitting:of the prompt execution of orders for special appara- 
tus and repairs. 


A catalogue on general laboratory supplies is in course of prepa- 
ration for @arly distribution. In the meantime, we are glad. to 
submit quotations on any laboratory equipment you require and 
solicit your trial orders and inquiries. 





THE WILL CORPORATION 
ROCHESTER, N. Y. 
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VARIABLE STARS! 


THE speaker before such a gathering as this, 
in this eventful year, faces a dilemma in his 
choice of a subject. The topic which is fore- 
most in all our minds is, beyond a doubt, the 
share which our comrades in science have had 
in carrying to a triumphant close the great 
work of the war—and an account of this 
would in some respects be the most suitable 
subject for a vice-president’s address. But 
most of this work can not be described yet, if 
at all, for reasons of military secrecy; and it 
is still too early, in any event, to collect and 
correlate the records of the work of men who 
are still in the service, especially when almost 
the whole of the narrator’s time has been 
spent in attempting, in a very humble way, to 
aid in the universal effort. 

I have therefore chosen the opposite horn 
of the dilemma, and propose to speak to you 
to-day upon A topic of pure science—removed 
perhaps as far as anything could be from the 
theater of war, trusting to whatever intrinsic 
interest the subject may possess to atone for 
the lack of timely interest, and the defects 
incident to hurried preparation. 

Variable Stars have been the objects of hu- 
man wonder since the appearance of the Nova 
of Hipparchus led to the preparation of the 
first catalogue of the positions and magni- 
tudes of the stars. The period of scientific 
observation of these changes may be dated 
from Tycho Brahe’s observations of the Nova 
of 1572 and Fabritius’ discovery of the pe- 
riodic variation of Mira Ceti in 1596. 

For two and a half centuries after this 
date the number of known variables remained 
so small that they could almost have been 


1 Address of the vice-president and retiring 
chairman of Section A—Astronomy—of the Ameri- 
can Association for the Advancement of Science, 
Baltimore, December 27, 1918. 
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counted on one’s fingers. Since then the more 
assiduous observation of modern times has 
raised the number into the hundreds, and the 
application of mechanical methods of search 
(that is, of photography) has swelled our list 
into the thousands, with prospects of further 
increase. 

It is now possible to classify almost all 
variables into fairly definite—often very defi- 
nite—natural groups. In each of these groups 
more or less numerous empirical regularities 
of behavior, or “laws” have been detected; 
and in some instances the number of these 
relations is large, and the accuracy with 
which. they represent the characteristics of 
individual stars is surprising. It has even 
been possible to use these relations to deduce 
information regarding the distribution of the 
stars in space, for example, which has revolu- 
tionized our previously existing ideas. Yet 
the humiliating admission must still be made 
that, in spite of these advances, we know ex- 
tremely little of the real causes of stellar 
variation. <A satisfactory theory exists in the 
‘ease of but one group—and this is based on 
the fundamental assumption that the stars of 
this class are not really variable at all, but 
owe their apparent changes to the geometrical 
accident of eclipse! Of the causes, mech- 
anism and physical relations of the intrinsic 
variability of the stars we are still in dense 
ignorance. Could we solve the riddle, there 
is good reason to hope that the key to some of 
the fundamental problems of astrophysics 
would be found. 

In the study of variable stars, therefore, 
we have a series of problems which are at 
once laborious, difficult, fascinating and of 
great promise, and a summary survey of the 
field may afford very appropriate material for 
this address—considering first the methods of 
observation, and then the known facts, to- 
gether with such theoretical conclusions as 
may be drawn from them. 


From the observational side, the study of 
variable stars affords excellent examples of 
the advantages of “scientific management” 
and of cooperation. Until about a generation 
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ago, the discovery of variables was made by 
accident, in the course of other work—such 
as the making of meridian catalogues or star 
charts, or the search for asteroids,—and the 
rate of discovery was naturally small. The 
great superiority of photography for this pur- 
pose was first effectively realized by Pickering 
and his assistants at Harvard. By super- 
position of a positive of a given star-field 
upon a negative of the same field taken at 
some other date any variables which may be 
present can be picked out at once. More 
than a thousand variables have been dis- 
covered at Harvard in this way—a number 
far exceeding the total which all the astron- 
omers of the world had found by visual means 
in the preceding three centuries. The process 
is so easy that Miss Leavitt and her associates 
when working up a new region, never trouble 
to identify the previously known variables, but 
simply rediscover them along with the rest. 
From the percentage of known variables 
which are missed (usually a small one) it is 
possible to estimate how many unknown ones 
have been passed over and await future dis- 
covery. 

Similar photographic studies of globular 
clusters led to Bailey’s important discovery 
of the presence of variables in them—the im- 
portance of which is only now being fully 
realized. Mention should also be made of the 
successful work of Max Wolf and others with 
the blink microscope. 

Another fruitful method of discovery is by 
means of spectrum photographs with the ob- 
jective prism. Certain types of spectra with 
bright lines are practically certain to belong 
to variable stars. Mrs. Fleming and Miss 
Cannon have thus discovered some two hun- 
dred variables of long period and about half 
of the known galactic nove. 


When however a variable star has been 
discovered, the observer’s work has just begun. 
Its changes must be followed and their laws 
determined. In many cases the variations are 
found to be exceedingly regular, both in 
period and amplitude, so that a very precise 
mean light curve may be obtained. Such 
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stars may profitably be followed by photo- 
metric methods of precision, as in the visual 
observations of Wendell and of Dugan and his 
students, or by means of “physical photo- 
meters,” such as the selenium cell, or the 
photo-electric apparatus, the last of which es- 
pecially, in the hands of Stebbins and of 
Guthnick, has proved to be the most precise 
of all ways of measuring starlight. 

When such high precision is not necessary, 
good results may be secured by Argelander’s 
method of direct estimate of the brightness in 
comparison with neighboring stars of known 
magnitude—either directly with the telescope, 
as Luizet and Roberts have done with notable 
success, or upon photographs, as by Miss 
Leavitt at Harvard. 

Here the great Harvard Library of photo- 
graphs is a rich mine, worked to but a small 
fraction of its capacity for lack of miners. 
Estimates of the photographic brightness of 
a few stars discussed at Princeton, show that 
the probable error of a determination of 
brightness from a single plate is about 0.06 
magnitudes. Material for thoroughly reliable 
light curves of all regular variables which are 
brighter than the eleventh magnitude at min- 
imum already exists in this great collection, 
and it is urgently desirable that more workers 
should be provided to make it available. 

Still higher accuracy can be obtained upon 
plates taken specially for photometric pur- 
poses, ag has been shown by Plummer and 
his associates. 

The majority of variable stars, however, are 
far from exactly regular; and, when successive 
maxima may differ in an unpredictable fash- 
ion by a whole magnitude, there is clearly 
little advantage in observing to hundredths. 

There are hundreds of such stars, most of 
them observable with small telescopes over a 
good part at least of their range—and to fol- 
low them all would tax the resources of the 
regular observatories severely. In this field 
amateurs have been able to make what is 
probably their most noteworthy contribution 
in the whole range of present day scientific 
activity. The American Association of Va- 
riable Star Observers, and its older colleague, 
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the Variable Star Section of the British 
Astronomical Association, have organized this 
amateur activity in a highly successful fash- 
ion, and observations of these previously 
rather neglected objects are pouring in at the 
rate of many thousands a year—affording ma- 
terial which will be of inestimable value in 
the future. 


The observations of variable stars show 
that almost all of them fall into some one 
of five natural classes—to adopt the very con- 
venient division devised at Harvard. In the 
order there used these are: I., Temporary 
Stars, or Nove; II., Variables of long period; 
IIl., Irregular variables; IV., Short period 
variables, or Cepheids, including cluster va- 
riables; and V., Eclipsing variables, including 
the Agol and Beta Lyre types. 

Variables of the last two classes are strictly 
periodic, and notably regular in their changes; 
those of the first three classes are not. But 
before discussing the separate classes in detail, 
we may well consider some of the general 
properties of variable stars of all kinds. 

First, it is noteworthy that, speaking at 
large, there is as wide a range in the spectral 
types of variable stars as in those of the stars 
as a whole. Every one of the principal spec- 
tral types, and almost every subdivision of 
these types, is represented among variables. 
It appears safe to conclude from this that 
reliability, per se, is not confined to any one 
particular stage of stellar evolution. 

There is however a decided difference in 
this respect between the various classes of va- 
riables. Eclipsing variables, though mostly of 
classes A and B, are found as far down the 
sequence as class K. Cepheid variables are 
known through the whole range from B to M— 
that is, in all the principal spectral classes. 

Irregular variables, on the other hand, are 
almost all of classes M and N—and therefore 
among the reddest of the stars. 

Long period variables also belong, without 
exception, to these spectral classes, and the 
great majority of them to the subclass Md, 
showing bright hydrogen lines, at least when 





a 

a 
¥ 
vi 
i 
a} 
® 





7 . 


Re. 


fh etn eo 
spt 


Re el ee ee ee 


poten ara een 7 git none RE a ee a Se na dei 
cl 


dey otra tein tims beg 





Wate 


See Ree ee S 
ee coniettaiee 4 


sat a bape 


si Ree AGE ABI, cesialpaMphedeinads ice Say 


} om vy FP vnes bt otitiocsa he 4 LSet mine 
dae Tle aR, Dini oe ced ge Sb 








130 


near maximum. Spectra of this type are 
practically certain evidence of variability. 

Finally the nove are distinguished by very 
peculiar and characteristic spectra, which 
undergo equally characteristic variations as 
their light fades. A very few other stars 
which show spectra of similar character are 
also variable (7 Carine and the nuclei of 
two variable nebule). 

Our first generalization. may therefore be 
stated in the form: 

Regular periodic variability has apparently 
little connection with the evolutionary stage 
of a star’s history, while variation of a 
roughly pertodic or non-periodic type ap- 
pears to be intimately associated with partic- 
ular stages of development. 

This is after all very much what might be 
expected, for regular variation keeping time 
accurately suggests a process regulated by 
gravitation or rotation, and hence not nec- 
essarily connected with any stage of evolu- 
tion, while other forms of variation may well 
arise from the physical state of a star, and 
appear only at definite evolutionary stages. 

A second general property of variable stars 
is that, with insignificant exceptions? they are 
objects of great luminosity, far exceeding the 
sun. The eclipsing variables, with a few ex- 
ceptions, average more than fifty times as 
bright as the sun. The irregular variables, 
and the long-period variables at maximum, 
appear to be comparable in brightness with 
other naked eye stars of class M, and hence 
about a hundred times as bright as the sun. 
The Cepheids are among the brightest stars 
of which we know, ranging from 100 up to 
perhaps 10,000 times the sun’s brightness. As 
for the Nove, we know as yet but little, but 
that little indicates that, at maximum, they 
may be even brighter than the Cepheids. 

. In general, it appears certain that almost 
all variable stars are what Hertzsprung so 
felicitiously calls “ giants.” According to the 
theory which the speaker has had a share in 
advancing this would mean that variability, 
while not confined to any one stage of a star’s 
2A few eclipsing variables, and the stars in the 
nebula of Orion recently discussed by Shapley. 
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evolution, is a characteristic of its early 
life—not the flickering of the dying flame of 
age, but the exuberance of extravagant youth. 

Hertzsprung’s suggestion that the very faint 
dwarf red stars, which, all agree, represent 
the last observable stages of stellar history, 
should be investigated for possible variability, 
deserves however more attention than it has 
so far apparently received. 


With these preliminaries, let us turn to a 
rapid survey of the individual classes of va- 
riables. Here it will be convenient to reverse 
the Harvard order, and begin with the eclip- 
sing variables. 

Typical variation of this sort is imme- 
diately recognizable, since it consists in regu- 
lar interruptions of otherwise almost constant 
brightness. This behavior suggested to Good- 
ricke, more than a century and a quarter ago, 
that the obscurations of Algol were due to 
partial eclipses by a huge dark planet, re- 
volving around the luminous star in the 
period of variation. As this hypothesis con- 
siderably antedated the discovery that true 
binary systems existed among the visual 
double stars, it was of striking originality, and 
it may fairly be claimed that the history of 
binary stars begins with Algol. Unfortu- 
nately, the very boldness of the hypothesis 
led to its neglect for a full century, until 
Pickering revived it, and Vogel’s spectro- 
scopic study of Algol gave it striking con- 
firmation; and it is only within the last ten 
years that the study of eclipsing binaries has 
really come into its own as a branch of double- 
star astronomy coordinated with that of vis- 
ual or spectroscopic systems. 

The eclipse theory of the variation of stars 
of this type now stands on about as firm 
foundations as anything in modern astron- 
omy, being confirmed (1) by the precise repre- 
sentation of numerous well observed light 
curves (the irregularities whose presence was 
previously suspected disappearing with im- 
proved methods of observation); (2) by the 
fact that every eclipsing variable which has 
so far been studied spectrographically proves 
to be a spectroscopic binary in which the 
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period and phase of the orbital motion, and the 
relative brightness of the secondary, are in 
agreement with the photometric data, and (3) 
by the success of the reverse process of photo- 
metric investigation of promising spectro- 
scopic binaries, which have in many cases re- 
vealed variation of the eclipsing type, though 
of small amplitude, but with the theoretical 
period and phase. The fact that some spectro- 
scopic binaries have proved not to be va- 
riable is a further confirmation of the theory 
(the orbital inclination being such that 
eclipses fail to happen). 

The development by the speaker of simple 
methods for computing the orbital elements of 
these systems has extended our list so that, at 
present, owing mainly to Shapley’s industry, 
orbits are available for about 100 eclipsing 
pairs—a sufficient number to allow of drawing 
conclusions by statistical methods. These 
stars show a strong concentration toward the 
galactic equator, and the majority of them 
have spectra of classes A and B, though there 
are a number of class F and a few of classes 
Gand K. Their periods are usually less than 
ten days, though two are known with periods 
of about six and nine months, and several 
others with periods about a month. 

When a more careful study is made of their 
variations it is found that in every case in 
which decisive observations have been made, 
the eclipsing companion is not a dark body, 
but a self-luminous star. The maximum 
difference in brightness between the com- 
ponents of a pair is about four magnitudes, 
which would not be considered very great in 
the case of a visual binary. The secondary 
minimum, due to the eclipse of the com- 
panion by the principal star, is almost always 
of observable depth,. and has been found when- 
ever properly looked for. 

In most of the cases which have so far been 
studied, the faint companion is of greater 
diameter than the brighter primary; but it 
is very doubtful whether this represents the 
general rule among close binary systems, for 
pairs in which the fainter star is the smaller 
can at best show but a small range of va- 
riation, and few of them are likely to be dis- 
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covered, especially as observers give the pref- 
erence to the stars of large range of variation. 

It appears however to be an invariable rule 
that the faint companion is always much 
redder than the primary—which is clear evi- 
dence that its faintness is due to lower tem- 
perature. This is confirmed by Miss Cannon’s 
direct observation, that in U Cephei, a typical 
system of this class, the spectrum of the 
brighter star is of class A, while that of the 
much fainter one which totally eclipses it at 
minimum is of class K. Two stars separated 
by a space equal only to their diameters, and 
doubtless of common origin and equal age, 
may therefore differ as widely in spectral type 
as do Sirius and Arcturus. 

These systems offer the only direct method 
at present available for finding the relation 
between the color index and surface bright- 
ness of a star. The investigation has so far 
been complicated by uncertainties regarding 
the color equation of both the visual and 
photographic observations of such faint ob- 
jects. When this difficulty has been sur- 
mounted, as it soon should be, there is a good 
prospect of being able to determine the sur- 
face brightness of a star from its color index— 


which would clear the way for determining 


the linear diameters of all stars of known 
parallax, and the angular diameters of all the 
stars in the heavens. 

Of no less importance is the information 
which eclipsing binaries alone can give about 
the densities of the stars. The numerous 
stars of this sort, and of spectra A and B, 
are remarkably similar in density, averaging 
about one sixth the density of the sun. The 
fewer pairs of spectra F, G and K show a 
much greater range of density—some being 
denser than any of the stars of the first type, 
while others are of very low density, in a few 
eases less than 1/100,000 of the sun’s. There 
is also strong evidence that the large faint red 
components of the systems mentioned above 
are less massive, and hence much less dense, 
than the small, bright, primaries of “ earlier” 
spectral type. The bearing of these facts on 
stellar evolution is obvious. 

By combining this knowledge of the densi- 
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ties of these stars with estimates of their 
masses and surface brightness (which can be 
made with a fair degree of confidence), it is 
possible to estimate their parallaxes, and study 
their distribution in space. The results of 
Shapley and the speaker show that these stars 
are distributed through a region nearly sym- 
metrical about the galactic plane. The great 
majority of them lie within two or three hun- 
dred parsecs of this plane, but they extend 
along the plane in all directions to a distance 
of at least 1,500 parsecs, with no sign that our 
observation has reached the limit. 

The statement that the brightness of an 
eclipsing variable is constant in the intervals 
between eclipses is only’ approximately true. 
In many instances—notably in Beta Lyrex— 
there are definite maxima half way between 
the eclipses, indicating that the stars are 
elongated into ellipsoids by their mutual tidal 
influence. The amount of this ellipticity de- 
creases rapidly for pairs in which the com- 
ponents are more widely separated, following 
very closely the law predicted theoretically by 
Sir George Darwin. 

Again, there is often a “radiation effect” 
showing that the companion keeps the same 
face always toward the primary, and that this 
face, being heated by the later, is brighter than 
the opposite side of the secondary (as was ob- 
served by Dugan in RT Persei, and by Steb- 
bins in Algol). In a few cases, when the ob- 
servations are very precise, it has been possible 
to show, from the form of the light curve, 


that the disk of the principal star is. not uni-. 


formly luminous, but is brighter at the center 
than at the limb, like that of the sun. 


The theory of eclipsing variables is there- 
fore now in a satisfactory state: but there is 
much which still remains to do. Dozens of 
stars are still to be observed, and the light 
curves of many more require more accurate 
determination. The important task of com- 


paring the visual and photographic light- 
curves of the same stars is only just begun; 
and there is a wide field for the physical photo- 
meter among the recently discovered systems 


of small range. 


Theoretically, many problems 
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of interest await solution, especially the ex- 
planation of the small but indubitable, and 
perplexingly complicated, changes in period 
which occur in most of the systems which 
have long been observed. If these changes 
can be definitely referred in some cases to 
motion of the line of apsides of the orbit, 
it should be possible to obtain information 
about the degree to which the central density 
of the stars in question exceeds their mean 
density—a matter about which we now know 
nothing. There are also curious discrepancies 
between the times of minima, as observed with 
light of different colors, which are very puz- 
zling. Enough is already known, however, to 
furnish a direct observational proof that the 
velocities of light of different colors in empty 
space can not differ by more than a very few 
meters per second. 

Spectrographic observation of all accessible 
eclipsing variables for radial velocity is ur- 
gently to be desired, for this affords the only 
known way of adding to the few cases in 
which we can determine the actual diameters 
of the stars. Such matters as the precise 
determination of spectral type, especially of 
the faint companions during total eclipses, 
and the study of absolute magnitudes by 
spectroscopic means also deserve attention. 


The Cepheid variables, which come next in 
order in our survey, present one of the most 
attractive and difficult problems of present day 
astronomy. There are few other fields in 
which we know so many facts, and can ex- 
plain so few. The mass of information is so 
extensive that it must be rather summarily 
presented. Observation shows that: 

1. The Cepheids show a regular variation, 
For each star the period is constant, and the 
light curve repeats itself with remarkable 
regularity. (The small deviations from this 
rule suspected by Shapley and others, though 
doubtless real, are insignificant in comparison 
with the irregularities that occur among long- 
period variables). | 

2. The periods range from three hours to 
more than a hundred days, but show two well- 
marked maxima of frequency at about twelve 
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hours (the cluster variables) and seven days 
(the Cepheids proper). The two groups are 
almost separated, there being very few stars 
with periods about two days. 

3. The range of variation is always small, 
very rarely over 1.5 magnitudes. Photo- 
metry of precision is revealing many cases 
of Cepheid variation of very small range, the 
most notable example being Polaris. 

4, The variation is continuous, and the rise 
to maximum is usually much more rapid 
than the fall to minimum, while the maximum 
is usually more sharply accentuated than the 
minimum. There are a few exceptions to the 
last rule, and also a few stars in which the 
rise and fall of brightness are about equally 
rapid, but none in which the rise is decidedly 
slower than the fall. The light curve is usually 
smooth and flowing, and secondary maxima or 
minima are rare, though they appear to be 
authenticated in a few cases. The general 
form of the light curve (which greatly re- 
sembles that of the velocity curve of a spectro- 
scopic binary) is characteristic, and makes it 
easy to identify variation of this type. 

5. The photographic range of variation is 
always greater than the visual, the curves 
being similar in shape, but the photographic 
amplitude about 50 per cent. greater. These 
stars are therefore much redder at minimum 
than at maximum. 

6. The spectra of the stars of period less 
than a day are almost all of class A, (8 
Cephei, with a period of 5* is of class B), 
those of three. or four days’ period are of 
class F; of 10 days’ period of class G; while 
those of longest period are of class K or M. 

7. The spectral class of these stars varies 
with the light, being “ earlier” at maximum 
and “later” at minimum. As measured by 
the hydrogen lines, the range of variation is 
nearly a whole spectral class on the Harvard 
scale: as measured by the metallic lines it is 
much less. 

8. All these stars show variation of radial 
velocity, with the period of the light changes. 
The epoch of minimum radial velocity (most 
rapid approach) coincides closely with that of 
maximum light, and that of maximum radial 
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velocity with minimum light—no exception 
having yet been found among some twenty 
stars. 


9. The range in radial velocity is nearly pro- 


portional to that in visual magnitude, at the 
rate of about 47 km. for one magnitude. 
Hence the velocity curve can be roughly 
drawn when the light curve is known. The 
correspondence of the two, however, is not 
precise. 

10. Most of the brighter of these stars be- 
long to Miss Maury’s ac class, i. e., have 
spectral lines sharper than the average. Ac- 
cording to Adams’ recent criteria, the spectra 
of these stars indicate very high luminosity. 

11. The Cepheids proper (of period greater 
than two days) show a strong concentration 
toward the galactic equator, and have very 
small proper motions which nevertheless show 
conspicuous evidence of the drift due to the 
sun’s motion in space. Their peculiar veloci- 
ties are small, about 10 km./sec. 

12. Those variables of the “cluster type” 
which are found in the sky at large behave 
very differently, showing a small galactic con- 
centration. In the few cases so far studied 
their proper motions are considerable, (though 
they are faint stars) and their peculiar veloc- 
ities very large. 

13. A large number of Cepheid variables 
occur in the Small Magellanie Cloud, and a 
very definite relation exists between their pe- 
riods and photographic magnitudes, the stars 
of longer period being the brighter. As the 
stars in the Magellanic Cloud must all be at 
very similar distances, this indicates that the 
absolute magnitude of a Cepheid is a function 
of the period. 

14. Among the numerous short period 
Cepheids in the globular clusters those in any- 
one cluster are of almost exactly the same 
median brightness—differing from cluster to 
cluster. It is therefore very probable that all 
“cluster variables” of period less than a day, 
are of the same mean absolute magnitude. 
The few Cepheids of long period which occur 
in globular clusters are considerably brighter. 

15. From the parallactic motions of the 
Cepheid variables which occur in Boss’s Pre- 


i ie 


is Bash 2 


4% 
ah Fess soe 


5 pee as 1 at 4 2 


ai Nay ie cS cic <= Pipi aR SONR IC Be tit Nets Sects Mae CaO Tae MB n oats Oe ae Aa 


in Aye Re enc” ty cies er mS RAYS een . 
mitered mon 357 8 sti fea we 
it PIE pote shi Py mca anamiRN a ei ea kn an Keres 
ats = PS NA, o Mee aed se SE FEN hs ARIES” SET pie ae RN A 


cad ‘ 
Se ec 

ee 
pe ee 


va fe Sa 
ete me DLT eg EP Ee od TFR 


ce ROD nt No ciede DahsditinichaaioAdsienihalaes 


in NN aie artis tnt 


pe ih tS Sr 


Sb re Siena 


Ser eis 











134 


liminary General Catalogue it appears that 
these stars, which have a mean period of about 
seven days, have a mean absolute magnitude 
of —2.3 on Kapteyn’s scale. Roughly speak- 
ing, they average at maximum about 1,000 
times as bright as the sun and at maximum 
about 500 times the sun’s brightness. 

By combining these data, Shapley, in a re- 
markable series of papers, has derived an em- 
pirical curve which gives the absolute magni- 
tude of any Cepheid whose period is known. 
The cluster variables are of median absolute 
magnitude —0.2 and average about 100 times 
as bright as the sun. The Cepheids of longest 
periods, forty days and over, appear to be fully 
ten thousand times as bright as the sun. With 
the aid of these data he has shown that the 
Cepheids proper lie in a region only a few 
hundred parsecs thick, which extends along 
the galactic plane for several thousand parsecs 
in all directions, while the isolated variables 
of the cluster type spread out into space far 
on each side of this region. The same data 
have been fundamental in his determination 
of the distances and distribution in space of 
the globular clusters—which has revolutionized 
our conceptions of the extent of the universe, 
and of the relation of the naked eye. stars to 
it, but would lead us too far from the theme 
of the present hour. 


Our empirical knowledge of Cepheid va- 
riables is therefore both extensive and ac- 
curate, and has already led to astrophysical 
conclusions of far-reaching importance. But 
our understanding of the nature of the phys- 
ical process which lies behind the variation of 
these stars lags far behind in the rear. 

Some things seem fairly clear. The con- 
comitant variations in brightness, color and 
spectrum indicate very strongly that the 
proximate cause of all three is a variation in 
the surface temperature of the star. The 
enormous magnitude and great rapidity of the 
changes (a cluster variable may increase its 
brightness by fifty times the sun’s whole light 
in two hours, and lose all this again in six 
hours) make it probable that the changes in 
temperature must arise from some process by 
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which heat energy is transformed periodically 
back and forth into some form of potential 
energy—the loss by radiation during one 
period being relatively insignificant. Finally, 
the regularity of the process indicates that the 
regulative force behind it is gravitational— 
the potential energy taking some from such as 
an expansion of the mass against gravity— 
and that the physical process involved is some 
form of gravitational oscillation of “ pulsa- 
tion” of the mass, probably involving the com- 
pressibility of the material as an essential 
factor. 

There are various alternative hypotheses, 
some of them attractive, for example, that 
which assumes that we have to do with a 
rotating body, hotter and brighter on one side 
than the other. This explains the general 
character of the changes in light and spec- 
trum, and their regularity; but a detailed 
analytical study of the problem shows that it 
is impossible for the rotation of a convex 
body, brighter in some parts than others, but 
with each portion of invariable brightness, 
to give rise to a light curve in which the rise 
is as rapid, compared with the fall, as in the 
case of many typical Cepheids, and all the 
cluster variables. Hence it appears certain 
that actual changes in the temperature and 
brightness of the surface of these stars must 
take place during each period. The variations 
in radial velocity are also very hard to ex- 
plain on the rotation theory, which would 
give the wrong phase. 

Another attractive hypothesis, which meets 
the difficulty about the radial velocities, as- 
sumes that the face of the star which precedes 
in the orbital motion is brighter than the 
hinder side, as would be very probable if the 
motion took place in a resisting medium. But 
this idea appears less alluring when it is 
realized that these stars, which are very sim- 
ilar to the sun in spectrum and color, and 
presumably in surface brightness, must in 
that case have radii of the order of 20 million 
kilometers, while the average radius of one of 
the spectroscopic orbits is less than two million 
kilometers. Hence the stars themselves are 
in all probability much larger than their orbits 








Fresruary 7, 1919} 


(just as the radius of the earth exceeds that 
of the orbit which the earth’s center describes 
about the center of gravity of the earth and 
moon). If, as is very probable, their periods 
of rotation and revolution are the same, the 
actual motion of one of these stars would 
closely resemble a rotation about an axis pass- 
ing nearly, but not quite, through its center, 
and there would be no “leading side” in the 
sense assumed by the theory. 

Moreover, the rotation of so large a body 
would give rise to an equatorial velocity so 
large as to make all the lines in the spectrum 
wide and diffuse; whereas they are actually 
narrower than in most stars. 

Jt therefore appears improbable that these 
bodies are really spectroscopic binaries, and 
more likely that the line displacements arise in 
some other manner than from orbital motion. 

A further argument against both these 
theories is that, if the direction of the rota- 
tion or orbital motion in any system should 
be reversed, the resulting variation would show 
a slow rise to maximum and a rapid fall— 
which has never been observed. If the varia- 
tion arose from orbital motion the same effect 
would be produced by observing the star from 
any point on our line of sight, but behind it. 
That variations of this sort should be of equal 
geometrical probability to the others, and yet 
never be observed among a hundred cases, is 
altogether beyond reason. : 

Though these theories appear therefore to 
be unsatisfactory, it must be frankly admitted 
that the pulsation hypothesis is not yet in a 
position to explain positively the form of 
the light-curve or the apparent variations in 
radial velocity. So far, all that can be said 
for it is that it does not seem to fall foul of 
any obviously fatal difficulties, and that it 
appears likely to be fairly flexible. 

A detailed mathematical study of the pos- 
sible modes of vibration of a compressible, 
gravitating, radiating and possibly rotating 
mass of gas may lead to the solution of the 
problem. In spite of the evident difficulty of 
such a discusion it is to be hoped that it will 
soon be attempted—perhaps by the new and 
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brilliant school of English mathematicians of 
which Eddington and Jeans are the leaders. 


In the present state of our knowledge, the 
following admittedly speculative considera- 
tions may be of interest. 

From Shapley’s careful work it appears 
that, among the Cepheids proper, the absolute 
magnitude and color index are practically 
linear functions of the logarithm of the 
period. For a star of color index 0.75 (similar 
to the sun’s) the period is 7 days, and the 
median absolute magnitude —2.3, corresponds 
to a luminosity 700 times that of the sun. It 
seems fairly safe to assume that the surface 
brightness of such a star is equal to that of 
the sun, so that its diameter may be estimated 
as 26 times the sun’s. 

Cepheids of longer periods are brighter and 
redder, the absolute magnitude decreasing 
(numerically) by 1™.0, and the color index 
increasing by 0™.4 if the period is doubled. 
This increase of color index indicates almost 
certainly a decrease of surface brightness. 
From the existing data, it sems probable that 
the change in surface brightness, expressed in 
stellar magnitudes is fully three times that 
in the color index. To obtain a total lumin- 
osity one magnitude greater, with a surface 
brightness 1.2 magnitudes less, the diameter 
must be increased 2.7 times. Hence it appears: 
probable that a Cepheid of 14 days period is. 
of about 70 times the sun’s diameter, while 
one of 40 days’ period (about the longest 
usually met with, of about twice the diameter 
of the earth’s orbit—very large, it is true, but 
undoubtedly still of stellar and not of nebular 
dimensions. 

A typical cluster variable 100 times as 
bright as the sun, and of color index 0.15, 
should be of about four times the sun’s sur- 
face brightness, and four and a half times its 
diameter. 

If now we adopt the pulsation hypothesis, it 
follows that, as in the case of all gravitational 
oscillations, the period will be inversely pro- 
portional to the square root of the density. 

Hence doubling the period corresponds to a 
four-fold diminution of the density. But we 
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have just seen that it also gives with an 
increase in diameter by a factor of ¥.7 or of 
volume by a factor of about 21. Hence it 
follows that Cepheids of any given period 
have about five times the mass of those of half 
the period. This conclusion (which holds 
good only for the Cepheids proper, and not at 
all for the cluster variables) depends to some 
degree upon the assumed relation betwen color 
index and surface brightness; but it is hard 
to see how any juggling with the data can 
escape from the conclusion that Cepheid va- 
riation sets in, if at all, at different stages of 
evolution among stars of different masses— 
the most massive stars reaching the critical 
condition, (whatever it may be) at the lowest 
density. 

Among the cluster variables, which are very 
similar to one another in color and brightness, 
and hence probably in diameter, both density 
and mass must be greatest for the stars of 
shortest period. This reversal of the relation- 
ship may be connected with the fact noted by 
Shapley, that the absolute magnitude of these 
stars mark an inferior limit of luminosity, 
below which Cepheid variation appears not 
to occur. 

To attempt a numerical estimate of the 
densities and masses of these stars is pre- 
carious, as we do not know the exact nature 
of the mode of pulsation. But the assump- 
tion seems plausible that for a star of given 
density, the period of the Cepheid pulsation 
is not likely to be very different from that of 
the fundamental oscillation of a gaseous mass 
of the same density. According to Emden, 
this period would be two hours for a mass of 
the density of the sun. This leads to the 
rough estimate that a Cepheid of 7 days 
period is of about 1/7,000 of the sun’s density. 
With the diameter previously estimated this 
would mean a mass 2.7 times that of the sun. 
A Cepheid of 34 days’ period would have about 
half the sun’s mass, and one of 40 days’ period 
about 150 times the sun’s mass. A cluster 
variable of 12 hours period would be of 1/36 
the density, and 24 times the mass of the sun. 

These numerical values are extremely un- 
certain but it is of interest to note that they 
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appear to be of quite a reasonable order of 
magnitude. The masses calculated for the 
Cepheids of moderate period, which are bril- 
liant giant stars, are probably rather low— 
which suggests that the Cepheids of long period 
are really stars of exceptionally great mass, 
as would follow, on Eddington’s recent theory, 
from their exceptionally great luminosity. 
Eddington has very recently called attention 
to another important deduction that may be 
drawn from the study of variables of this 
type. The period of Delta Cephei is shorten- 
ing by about one second in twenty years. On 
the pulsation hypothesis, this would indicate 
a gradual increase of density, but at so slow a 
rate that it would take the star three million 
years to double in density, and probably ten 
million to pass from class G (its present type) 
to class F. 

If studies of the secular variation in period 
of other Cepheids confirm this date of change, 
there will be direct evidence that the rate of 
stellar evolution is exceedingly slow and that 
the time scale of cosmical processes is of very 
great length. 


But what time remains must be devoted to 
the other classes of variable stars. The irregu- 
lar variables need detain us but for a moment, 
for, beyond the fact that their variations are 
usually of small amplitude, their spectra 
practically all of classes M or N, and their 
luminosities probably comparable with those of 
other giant stars of these types, we know 
practically nothing about them. 

The variables of long period form a very defi- 
nite natural class, with periods ranging from 
about 80 to $00 days, but exhibiting a nearly 
normal frequency distribution about a mean 
value of 300 days. The range of variation is 
much greater than for any other class of va- 
riables except the Nove, averaging about 
four magnitudes, and sometimes reaching 
seven or eight—a change of a thousand-fold 
in light. pe 

They are far from being regular time-keep- 
ers. For almost all the stars that have been 
carefully followed, the times of maxima de- 
viate from any uniform period by much more 
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than the errors of observation. Attempts to 
represent these deviations by means of empir- 
ical formule have so far failed to meet the 
test of prediction, and it begins to look as if 
they were, in the strict sense of the word, 
irregular—though of the fundamental period- 
icity lying behind them there can be no doubt. 

The maximum brightness, and the details 
of the form of the light curve, also differ very 
considerably at different times for the same 
star. The mean of a number of periods, how- 
ever, usually gives a fairly smooth light-curve 
of roughly sinusoidal form, but with the rise 
usually steeper than the fall. Harmonic anal- 
yses of these curves have been made by Turner 
and Phillips, showing that the first harmonic 
largely predominates though the second and 
third are usually quite sensible. Phillips has 
shown that nearly all the stars so far investi- 
gated fall into one or other of two groups, 
marked by certain definite relations between 
the phases of the second and third harmonics. 
In other words the deviations of the light 
curve from a simple sinusoid tend to follow 
one or other of two definite patterns. This 
discovery will doubtless prove of theoretical 
importance, but no attempt to explain it can 
yet be made. 

*The above remarks apply to the curves ob- 
tained by plotting the stellar magnitude 
against the time. If the actual light-emission 
should be used instead, the curves would have 
high, steep-pointed maxima and very flat 
minima, and their representation by a Fourier 
series would: demand a host of harmonics. 
The simple character of the curves giving the 
magnitude as a function of the time suggests, 
as Plummer has pointed out, that the periodic 
process involved may be something, such as va- 
riation in the thickness of an absorbing layer, 
which would directly affect the logarithm of 
the escaping light. But such a layer would 
have to absorb over 90 per cent. of the energy 
passing through it for months at a time with- 
out becoming greatly overheated, which seems, 
hard to believe. 

The most notable spectroscopic features of 
these stars are the presence of heavy flutings 
of titanium oxide, indicating very low surface 
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temperatures, and of bright hydrogen lines— 
which are especially strong near maximum; 
and, on the negative side, a conspicuous ab- 
sence of changes in radial velocity. _ 

The rather scanty data at present available 
indicate that the peculiar velocities of these 
stars are very high, and their proper motions 
moderate or small in amount. This would 
indicate considerable distance and luminosity, 
and it seems clear that, at maximum, these are 
fairly bright giant stars, at the least. Further 
data, especially regarding proper motions, are 
much to be desired, and should be obtainable 
in many cases. 

Very little is known of the real causes of 
variation of this type.. It is certainly not due 
to orbital motion, and the prevalent irregular- 
ities suggest strongly that we have here to do, 
not with a gravitational or rotational phe- 
nomenon, but with a physical process—some- 
thing resembling in nature the eruptions of a 
geyser, when an accumulation of internal 
energy piles up to the point where it obtains 
relief through some overlying resistance, 
giving rise to roughly periodic outbursts of 
varying intensity. The relatively great length 
of the period falls in well with this hypothesis. 
There is much about the phenomena which 
suggests the variation in solar activity of 
which the sunspots are the most prominent 
symptoms. This is pretty certainly due to 
some such accumulation of internal strain 
and has the same irregularly periodic char- 
acter, though a much longer period. 

What the actual nature of the process is 
which can change the brightness of a star by 
several hundred fold remains, however, for the 
future to determine. 

Mention should be made in passing of two 
curious types of variation, each represented by 
but few stars, but very definite, which are 
classified at Harvard as subdivisions of class 
II. The typieal star of one of these groups. 
R Corone Borealis is usually of about the 
sixth magnitude, but at irregular intervals 
drops rapidly to the eighth, tenth, or even the 
thirteenth magnitude, recovering again after 
intervals which may be months or years in 
duration. 


Two or three other stars behave in — 


Polk 


6 PRR! 


if 


Phys 


Shere leon 


LT 


Se AR. 


SRE salah eee ES 


Pee mee See SS RS Ca PY: laa 


eS abi ait as PARR: wih ee ict ere aii dalh, Ripay 
on 


eae 


bi Shen aig So 
ran hs ° 





wag crma om 22 Saat be Ses: 


he cP 


ESS Sasi i CA this 


isis 


Soe phen nti tee be sal 


BATE Nl Be Re, 


Seca oe 


CB Hitmen ts il. hom 


,) ae 
ee 
a i 
oat med 
i a 
2 ae 
| F 
a 
14 
ce: 
lee 
. 
a 
] 
; a 
ee 
a 1 
ay 
ois 
et 
a 
i 
y 
rfl 
aR 4 
of 
ge 2 
: 
# 
om 


i 
3 
















138 


the same way. The other group, typified by 
U Geminorum and SS Oygni, are normally 
very faint, but at irregular intervals (of two or 
three months for the last named star) in- 
crease rapidly by some four magnitudes, to 
fade away again after a few days. It is a 
curiously suggestive fact that the stars of 
each of these singular classes are very similar 
to one another in spectrum, while the spectra 
of each class as a whole are quite unlike one 
another or anything else in the heavens. Here 
is indeed a riddle for the future to solve. 


Finally, we come to the temporary stars—those 
most spectacular of all celestial objects. To 
discuss them fully would require another ad- 
dress comparable in length to this. The mer- 
est outline must suffice. Before the outburst, 
several of them are known to have existed as 
faint stars, often slightly variable. Without 
warning and within a very few days at most, 
their light increases at least a thousand fold— 
sometimes fully a hundred thousand times. 
The happy chance by which the recent great 
Nova in Aquila was caught midway in the 
rise indicates that its whole ascent occupied 
about two days. The maximum brightness is 
sometimes very great.—Tycho’s star of 1572 
equalled Venus—but a rapid decline sets in 
almost at once, followed by irregular oscilla- 
tions with a general downward tendency, 
merging into a slower but steady decline, till 
within a decade or so the star has lost eight 
or ten magnitudes and returned nearly to its 
original brightness. 

The spectroscopic changes are meanwhile of 
the most extraordinary character. The three 
stars which have been caught on the rise 
showed dark line spectra, roughly resembling 
familiar types, but no two alike, and with the 
lines greatly displaced, as if by a huge velocity 
of approach. As the star goes “ over the top” 
its spectrum explodes, so to speak, in a few 
hours into a flamboyant affair of bright and 
dark lines, enormously widened and displaced, 
and undergoing continual changes. Lines of 
hydrogen, helium, and enhanced metallic lines 
have been recognized. Besides the bright hy- 
drogen lines in Nova Aquile there were at 
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times two sets of sharp dark lines—apparently 
due to hydrogen, but displaced by amounts 
corresponding to velocities of approach of 
about 1,800 and 2,600 km./sec. Complicated 
changes occur as the light fades, the most im- 
portant being the appearance of the character- 
istic nebular lines, which at some stages are 
the most conspicuous feature of the spectrum, 
and remain visible for a long time. After 
some years, however, they begin to fade, and 
the last state so far recognized is spectro- 
scopically identical with the Wolf-Rayet stars. 

Nove show a very strong galactic condensa- 
tion. Nothing is known of their proper mo- 
tions, or (for obvious reasons) of their peculiar 
velocities; but direct measures of parallax in- 
dicate that the distances of some of the 
brighter ones are of the order of at least 100 
parsecs. They must therefore be exceedingly 
bright objects at maximum; but how bright 
we do not know. 

These objects bear very remarkable rela- 
tions to nebule. They appear to be related 
spectroscopically to the gaseous nebule. The 
unique moving nebula near Nova Persei was 
admirably explained by Kapteyn as due to the 
illumination of a sheet of diffuse matter, 
nearly at rest, by the outgoing light of the 
great outburst—a hypothesis confirmed by 
Slipher’s recent discovery that two variable 
nebule appear to shine by reflected light from 
their nuclei, which show spectra very similar 
to nove. 

Most remarkable of all is the recent dis- 
covery that nove appear in the'spiral nebule 
so fast that it would take intensive observa- 
tions to catch them all. 


It is obvious that in these temporary stars 
we are in the presence of catastrophes, which 
in magnitude utterly transcend all other known 
physical phenomena. And these catastrophes 
are not of rare occurrence, but happen every 
few years, or oftener, in the galaxy, and ap- 
parently every few weeks in the Andromeda 
nebula. Two possibilities suggest themselves 
at once—a collision or an internal explosion. 
Collisions between two stars are quite out of 
the question—owing to the frequency and 
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short duration of the phenomena. The hy- 
pothesis of a collision between a star and a 
nebula meets these two fundamental objec- 
tions, and appears capable of accounting quali- 
tatively for many or most of the phenomena, as 
was shown some years ago by Seeliger. But 
the spectroscopic data, and especially the dark- 
line spectrum on the rise, remain difficult to 
explain. A collision between a star and a rela- 
tively small dark body—recently postulated by 
W. H. Pickering—is also worthy of considera- 
tion, but presents difficulties of its own. 

After what we now know and believe regard- 
ing the stores of energy which are locked up in 
the nuclei of atoms, the hypothesis of an ex- 
plosive release of some such form of energy 
within a star can not be neglected. The chief 
difficulty about it seems to be that we might 
expect an even greater catastrophe than appears 
to occur—but this theory will probably prove 
to be increasingly flexible as our’ knowledge 
advances. At present, however, the collision 
theory appears to the speaker the most promis- 
ing. The great frequency of nove in the 
spiral nebule—where we might expect, collis- 
ion to occur, if anywhere in the universe— 
seems to be favorable to this view. 


In concluding this hasty and imperfect sur- 
vey of a wide field, two things stand out promi- 
nently—first, the importance of a study, which 
was once neglected and even rather despised, in 
the attack upon some of the most fundamental 
problems of astrophysics, and, second, the 
urgent need of extensive and active researches, 
observational, statistical and theoretical, to ad- 
vance toward solutions of some of the many un- 
solved problems which still remain before us. 

Henry Norris Russet. 

PRINCETON UNIVERSITY OBSERVATORY, 





CHARLES ROCHESTER EASTMAN? 

On this side of the Atlantic there have 
been few zoologists who have devoted their 
lives to the study of ancient fishes—which 
for the rest concerns not a few of the greatest 
problems of the vertebrates. Of investigators 

1 Born Cedar Rapids, Iowa, June 5, 1868, died 
Long Beach, N. Y., September 27, 1918. 
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who have passed away we recall the distin- 
guished names of Agassiz the elder, Cope, 
Newberry and Leidy, and to this goodly fel- 
lowship we must now add the name of Charles 
Rochester Eastman, whose services have con- 
tributed widely and intensively to a knowledge 
of fossil fishes. To this work he gave his time 
devotedly for a quarter of a century, publish- 
ing over a hundred papers, among them a 
number of monographs which rank among the 
most scholarly and accurate in their field. 
Eastman graduated from Harvard in 1891, 
studied at Johns Hopkins, thereafter in the 
University of Munich, where he took his 
doctorate in 1894; he worked with Professor 
Karl von Zittel, whose laboratory then at- 
tracted a number of young American paleon- 
tologists. Here, as Eastman’s interests al- 
ready centered in fossil fishes, he was given 
the only material for research which the Ger- 
man university had at hand—a mass of de- 
tached teeth of a Chalk Measures shark—not 
attractive material, to say the least, but the 
young investigator attacked it with energy 
and soon gathered the data for a successful 
thesis. He was next given a post at Harvard, 
where in the Museum of Comparative Zoology, 
under the mantle of Louis Agassiz, he re- 
viewed the collections of early fishes and found 
much material for publication. He now be- 
came interested in the Devonian fossils of the 
Agassiz collection, which he found shed light 
upon the rich finds from the Middle West, 
then being described by Dr. Newberry. LEast- 
man’s imagination was especially touched by 
the range and character of “ placoderms” as 
the dominant group of Devonian times, and 
like many another worker, he set himself to 
solve the puzzles of their lines of evolution 
and of their kinship to modern fishes. Hence 
he sought actively for more extensive and 
better preserved material upon which to base 
his findings. The best collecting ground for 
these American forms was in Ohio, and 
throughout this region Eastman soon learned 
to know the fossil hunters and their collec- 
tions. His studies upon these forms thereupon 
spread over wider fields, and became well-nigh 
encyclopedic; he brought the entire Devonian 
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fish fauna under his finger tips, literally: and 
if Eastman were sought for at this time, he 
would have been found at the top of the 
Agassiz Museum in the center of a labyrinth 
made up of tiers of great trays of fossils: and 
the visitor would come away with the im- 
pression that there was something almost un- 
canny in the skill with which Eastman could 
call up out of the mud-colored shales these 
primeval creatures, for their membra dis- 
juncta would be made to fit in place so quickly, 
so faultlessly, and sometimes with so audible 
a click that one could almost picture the fish 
coming to life in its tray. 

From the study of placoderms, Eastman’s 
studies extended naturally to the contempor- 
ary lung-fishes and ganoids, and to our know]l- 
edge of these early forms he made numerous 
contributions. Now and again he would hark 
back to the group of sharks, trying ever to 
bring order into this primitive and difficult 
group. Port Jackson sharks, with their cu- 
riously modified dentition, which enabled 
them to crush the shells of shellfish, suggested 
new lines of evolutional changes, and his 
work on these forms from Illinois, Iowa, Mis- 
souri, Kansas and Nebraska showed new se- 
quences and enabled him to fill out the gaps 
in their history. Certain of these early sharks 
became so similar to lung-fishes in their denti- 
tion, that, on this evidence alone, the two 
great groups of fishes might readily have been 
merged. 

During the last decade of his work, East- 
man’s attention was drawn more closely to 
types of modern fishes. This was perhaps due 
to the fact that he had been able to bring to 
this country the famous collection of a 
Belgian paleontologist, de Bayet, and install 
it in the Carnegie Museum at Pittsburgh. 
Upon the fishes of this collection, especially 
those from northern Italy (Monte Bolca) he 
published a number of beautiful memoirs. 
_In matters relating to the phylogeny of 
fishes, Eastman was conservative. Thus, fol- 
lowing Smith Woodward, he maintained that 
the group of placoderms which the latter de- 
fined as Arthrodira was definitely related to 
primitive lung-fishes: he had little sympathy 
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with those who believed that they had solved 
the riddle of T'remataspis and Bothriolepis by 
associating with them arthropods. As a sys- 
tematist, Eastman was thorough, and the 
forms which he described will rarely need re- 
vision.2 


2Mrs. H. J. Volker has recently reviewed the 
papers of Dr. Eastman, and summarizes his syste- 
matic contributions as follows: 
New families: (3) 

Astraspide. 


Peripristide. 
Pholidophoride. 


New genera; (12) 
Belemnacanthus. 
Campyloprion. 
Eobothus. 
Eolabroides. 
Gillidia. 
Histionotophorus. 
Paleophichthys. 
Parafundulus. 
Parathrissops. 
Phiyctenacanthus. 
Protitanichthys. 
Tamiobatis. 


New species: (115) 

Acanthodes beecheri; marshi. 

Ameiurus primevus. 

Amiopsis (?) dartoni. 

Anguilla branchiostegalis. 

Asterolepis clarkei. 

Asthenocormus retrodorsalis. 

Belemnacanthus giganteus. 

Blochius moorheadi. 

Bothriolepis coloradensis. 

Campyloprion annectans. 

Caranz primevus. 

Carcharias collata; incidens. 

Cestracion zitteli. 

Chanoides leptostea. | 

Cladodus aculeata; prototypus; urbs-ludovici. 

Celacanthus exiguus; welleri. 

Celogaster analis. 

Conchodus variabilis. 

Ctenacanthus acutus; decussatus; longinodosus ; 
lucasi; solidus ; venustus. 

Dicrenodus texanus. 

Dinichthys dolichocephalus ; livonicus ; pelmensis ; 
pustulosus ; trautscholdi, 

Diplodus priscus; striatus. 

Diplomystus goodi. 

Dipterus calvini; costatus; digitatus; mordaz ; 
pectinatus ; uddent. 

Elonichthys disjunctus; perpennatus. 

Eomyrus formosissimus ; interspinalis. 

Erismacanthus barbatus; formosus. 

Fissodus dentatus. 

Galeocerdo triqueter. 

. Glyptaspis abbreviata. 

Gyracanthus primevus. 

Harpacanthus procumbens. 

Helodus comptus; incisus. 

Histionotus reclinis. 
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No one can recall Dr. Eastman without 
bringing to mind his keen appreciation of 
ancient literature. He read the classical texts 
fluently, and Aristotle and Pliny had to him 
the interest of modern authors. Perhaps he 
knew them and their kindred better than did 
any living paleontologist. For bibliograph- 
ical work Eastman had ever a distinct leaning, 
for to know what others had done in a 
definite field was the only honest beginning of 
any research. It was this interest which led 
him to accept the invitation of the American 
Museum of Natural History to undertake the 
editorship of a bibliography of fishes which 
the museum was engaged in publishing, and 
it was under his supervision that the two first 
volumes of this work appeared—ever to lighten 
the labors of workers in this field. 

BasHrorp DEan 


Homacanthus acinaciformis; delicatulus. 

Homeolepis suborbiculata, 

Janassa maxima; unguicula. 

Lepidotus ovatus ; walcotti. 

Macheracanthus longevus. 

Macrosemius dorsalis. 

Mene nove-hispanie. 

Myliobatis frangens. 

Mylostoma mewberryi. 

Notagogus decoratus ; minutus ; ornatus. 

(onoscopus elongatus. 

Onchus rectus. 

Oracanthus triangularis. 

Orodus intermedius. 

Paleophichthys parvulus. 

Parafundulus nevadensis. 

Parathrissops furcatus. 

Phlyctenacanthus telleri. 

Phebodus dens-neptuni; knightianus. 

Pholidophorus americanus. 

Phyllodus hipparionyz. 

Physonemus hamus-piscatorius ; pandatus. 

Plating intermedius. 

Polyrhizodus grandis. 

Priscacara dartoni. 

Propterus conidens. 

Protitanichthys fossatus. 

Ptyctodus compressus ; ferox; panderi; predator ; 
punctatus. 

Pygeus agassizii. 

Rhadinichthys deani. 

Rhynchodus major; pertenuis; rostratus. 

Sagenodus cristatus; pertenuis. 

Sauropsis curtus ; depressus. 

Squatina minor ; occidentalis. 

Stethacanthus erectus. 

Streblodus angustus. 

Synechodus clarkii. 

Synthetodus calvini. 

Tamiobatis vetustus. 

Undina grandis. 

Urosphen attenuata. 
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SCIENTIFIC EVENTS 
THE FOREST SERVICE IN WAR TIMES 


How the Forest Service met its war responsi- 
bilities is the main subject discussed by its 
chief, Henry S. Graves, in his annual report 
to Secretary Houston, just published. The 
war led, he asserts, to the temporary abandon- 
ment of many of the old lines of work, the cur- 
tailment of others, and the assumption of large 
new duties. Because of the close relation. of 
the National Forests to the economic life of 
the country and to the production of necessi- 
ties never before so urgently required, “ their 
continued administration along lines which 
would prevent the breakdown of any essential 
industry was an obvious duty.” At the same 
time the Forest Service was employing its 
technical knowledge and equipment for the 
furtherance of war preparations involving the 
use of forest products, in response to the many 
demands of the War and Navy Departments 
and the war industries. 

There were furnished to the Army and 
Navy 446 men, while a considerable number 
left to serve in the War and Navy Departments 
in a civil capacity and to take part in indus- 
tries directly concerned in producing mater- 
ials for war uses. Still others were forced to 
leave the service because with the low stand- 
ard of salaries, they were unable to meet the 
rising cost of living. All told, 1,179 persons 
had gone from the service prior to October 1. 
The situation of the Forest officers, clerks and 
others having fixed bases of salary is regarded 
by the forester as very critical, requiring the 
earnest consideration of Congress. 

The receipts from the National Forests were 
slightly greater than in 1917, with a total of 
not quite $3,600,000. The grazing business 
produced an increase based on the land classi- 
fication work, the area showed a slight net re- 
duction, leaving the amount of government- 
owned land in the forests at the close of the 
year 155,927,568 acres. 

Regarding the land classification the report 
says: 

After nine years of steady sifting to separate 
from the forests such lands as should not be re- 
tained permanently in public ownership, the task 
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has, except in Alaska, been brought substantially 
to completion. The existing forests are approach- 
ing stability. 

Hand in hand with the cutting down of the 
forests, a movement in the opposite direction 
has taken place, which has the same basic pur- 
poses—to provide for the highest use of the 
land; and this movement, the report states, is 
growing stronger. This is due primarily to the 
demonstration of the public advantages real- 
ized through government ownership and ad- 
ministration. A memorial of the state of 
Idaho is cited, asking Congress to include in 
the National Forests an area of over one mil- 
lion acres in that state which is now contrib- 
uting little or nothing to the wealth of the 
state but is undergoing deterioration. This 
addition, says the report, should unquestion- 
ably be made. | 

The report deals fully with the numerous 
and important investigations made for the 
benefit of war activities. Practically the en- 
tire research organization was placed on spe- 
cial war investigations and was increased in 
size more than five times to meet the demand 
for information. Among the most urgent 
problems were those connected with the con- 
struction of aircraft, and a vast amount of 
information applicable in airplane construc- 
tion was obtained. 

Practically all the war work branches of the 
government having to do with the purchase of 
wood materials were added, including in the 
Army the General Staff, the Bureau of Air- 
craft Production, the Ordnanee Department, 
the Signal Corps, the Quartermaster Depart- 
ment, the Engineer Corps the Gas Warfare De- 
partment and the Surgeon General’s Office; in 
the Navy the Bureaus of Construction and 
Repair, Steam Engineering, Yards and Docks, 
and the Navy Yards; the Shipping Board; the 
Emergency Fleet Corporation; the Director 
General of Railroads; the War Industries 
Board; the War Trade Board, housing organi- 
zations; the Fuel Administration, and the 
Food Administration. In addition, coopera- 
tion and assistance was given the Allied Gov- 
ernments and to the industries furnishing war 
materials. 
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Mention is made of many other special 
studies concerning such matters as containers 
and crates for overseas shipments, for which 
designs were developed insuring the required 
strength while calling for a minimum ship- 
ping space, questions relating to the rapid dry- 
ing of woods for gun stocks, artillery carriages, 
escort wagons and other vehicles, and investi- 
gations in connection with wood distillation 
products for various military uses. Much at- 
tention was given also to locating supplies of 
timber of various kinds and to stimulating 
production. 


j 
DEATHS FROM INFLUENZA AND PNEUMONIA 


THE Bureau of Census has issued the follow- 
ing figures of deaths from influenza and pneu- 
monia in large cities of the United States from 
September 14, 1918, to January 25, 1919. 


Influenza ~ ., Pneumonia 
BO ee 527 150 
pS eee 59 610 
Baltimore ........ 1,773 2,652 
Birmingham ...... 839 228 
MEEED eins ooo a cack 4,480 1,291 
SEY iS 0:04 the nba 2,007 790 
Cambridge ....... 485 ° 179 
Chicago .......... 7,329 5,071 
Cincinnati ........ 1,721 275 
Cleveland ........ 2,828 1,113 
Columbus ........ 666 180 
ee ee 495 196 
rer reas 1,294 404 
Fall River ....... 714 109 
Grand Rapids .... 94 228 
Indianapolis ..... 156 856 
Jersey City ....... 303 592 
Kansas City ...... 1,342 635 
Los Angeles ...... 2,482 517 
Louisville ........ 141 936 
RAPED, 00-93 6 o¥'a0:2 165 477 
Memphis ......... 115 548 
Milwaukee ....... 339 1,172 
Minneapolis ...... 978 159. 
Nashville ......... 580 224 
POWOUE. 6066s Si se 1,418 930 
New Haven....... 882 206 
New Orleans ..... 2,022 985 
Mew Leek ii svve 13,641 13,795 
Waklend ...66vixs 931 230 
Ey oe 930 141 
Philadelphia ...... 8,367 5,959 
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Pittsburgh ....... 2,224 2,760 
Portland ......... 1,185 146 
Providence ....... 1,022 475 
Richmond ........ 657 285 
Rochester ........ 969 236 
WE SiGe cisisse 2,084 1,192 
GE PM ge iss ows < 855 171 
San Franéisco .... 3,088 538 
Beate ic isin cds 1,160 157 
Spokane ......... 449 39 
BYRD cop op ores 821 168 
,. ss RE 538 280 

' Washington, D. C. 2,217 694 
Worcester ........ 866 286 
. ee 78,238 49,265 


SALT REQUIREMENTS OF REPRESENTATIVE 
AGRICULTURAL PLANTS 


Tue Division of Biology of the National 
Research Council has organized a nation-wide 
cooperation among plant physiologists and 
agricultural chemists, concerning the general 
problem of the physiological requirements of 
certain representative agricultural plants. 
This project is in charge of a special com- 
mittee consisting of B. E. Livingston (Johns 
Hopkins University), K. F. Kellerman (U. S. 
Department of Agriculture), and A. F. Woods 
(Maryland Agricultural College). 

It is planned that the cooperation will carry 
out experimental work, by water and sand 
cultures, on wheat and soy bean, for a begin- 
ning. The first problem is to determine the 
best total concentrations and the best sets of 
salt proportions with 3-salt mixtures, each 
plant studied being considered in several 
phase of its development. For wheat these 
phases are: (1) the germination phase (till 
plantlets are 4 cm. high), (2) the seedling 
phase (for 4 weeks following the germination 
phase), (3) the vegetative phase (from end of 
seedling phase to appearance of flowers), and 
(4) the reproductive phase (from end of vege- 
tative phase to the ripening of grain). Each 
phase is to be treated separately, the plants 
having been grown with the best 3-salt solu- 
tions for the preceding phases, respectively. 
Twenty-one different sets of salt proportions 
are to be tested with each of the six types of 
possible 3-salt solutions. 
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It is hoped that these tests may be made by 
a large number of experimenters in different 
places, all using the same methods so that the 
results may be comparable, and that many 
different climatic complexes and seasons of the 
year may be thus included. The general prob- 
lem falls naturally into convenient portions, so 
that any worker or group of workers may con- 
fine attention to a certain more or less re- 
stricted field. All seeds will be supplied from 
the same source. Of course each worker will 
publish his results as he may desire, with 
whatever interpretation may seem warranted. 
It is hoped that out of this cooperation may 
result a clear and definite advance in our 
knowledge of this aspect of nutritional physiol- 
ogy, which not only may be valuable in a sci- 
entific way but also may furnish valuable sug- 
gestions to those who are experimenting with 
the fertilizer treatment of crop plants in the 
field. It is suggested that the results of this 
correlated set of researches may become a 
definite national contribution to knowledge 
about one of the most important and funda- 
mental of all physiological problems. The co- 
operation was planned in war-time, but is is 
as much needed in time of peace as in time 
of war, and it‘is being pushed forward with all 
reasonable haste. 

The Special Committee on Salt Require- 
ments of Representative Agricultural Plants 
has prepared a comprehensive plan for the 
project, which may be obtained on request, 
and has made arrangements for special lots of 
chemicals for this work, also for the special 
cork supports needed in water cultures. Cor- 
respondence regarding this project is earnestly 
requested, and all experimenters in this field 
are asked to join in this national undertaking 
in one way or another. Correspondence should 
be addressed to the chairman of the special 
committee, at the laboratory of plant physiol- 
ogy of the Johns Hopkins University, Balti- 
more, Md. 


MEETING OF THE AMERICAN INSTITUTE OF 
MINING ENGINEERS 


Lessons learned from the war by the Ameri- 
can mining world will be applied toward 
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greater progress in American mining at the 
one hundred and nineteenth meeting of the 
American Institute of Mining Engineers, 
which will be held here during the week of 
February 17. Prominent members of the Ca- 
nadian Mining Institute, National Research 
Council, the American Institute of Electrical 
Engineers will join the American mining ex- 
perts in their discussions. 

At no period in the history of American 
mining have the problems of production, espe- 
cially as to labor and scientific processes, been 
so momentous as to-day and at this meeting 
important readjustment plans will be pre- 
sented. The program calls for ten business 
sessions, at which some forty subjects will be 
presented; a number of social features of a 
metropolitan kind, and an all-day excursion to 
the federal shipyard in Newark Bay where the 
first electric-welded ship is being built. 

It is expected that this meeting of the insti- 
tute will be attended by mining experts from 
every state in the union and from a number of 
foreign countries, who are identified with the 
most important mining operations now going 
on. Many of these men have in the past two 
years been serving the government in their re- 
spective fields. 

At the joint session with the electrical engi- 
neers there will be six important papers on the 
subject of electric-welding. Some of these by 
officials of the National Research Council and 
Emergency Fleet Corporation, who have par- 
ticipated in the development of electric-weld- 
ing which has made great strides forward in 
the war work of the last two years. 

The institute meeting will open on Monday 
morning, February 17, Tuesday will be Ca- 
nadian Mining Institute day and Wednesday 
will be featured by the session with the elec- 
trical engineers and the National Research 
Council session, followed by the annual ban- 
quent in the evening. 

The officers of the American Institute of 
Mining Engineers are: Sidney J. Jennings, 
president; L. D. Ricketts, Philip N. Moore, 
past presidents ; C. W. Goodale, first vice-presi- 
dents; George D. Barron, treasurer; Bradley 
Stoughton, secretary. 
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SCIENTIFIC NOTES AND NEWS 


Epwarp CHARLES PICKERING, professor of 
astronomy in Harvard University and director 
of the Harvard College Observatory, died on 
February 3 at the age of seventy-two years. 


To oversee the opening of the port of Dant- 
zig and to supervise relief work there Pro- 
fessors Alonzo Taylor, of the University of 
Pennsylvania, and Vernon L. Kellogg, of Stan- 
ford University, started on January 29 on a 
railroad journey across Germany. Drs. Taylor. 
and Kellogg will, on their return, make a re- 
port on food conditions in Germany. 


Masor C. E. MENDENHALL, professor of phys- 
ics on leave of absence from the University of 
Wisconsin, has been appointed scientific at- 
taché to the United States legation at London 
and will sail for England immediately. 


Dr. ALEXIS CARREL, who had been in charge 
of a field hospital in the Montdidier section, 
has returned to take up his work at the Rocke- 
feller Institute for Medical Research. 


BRIGADIER-GENERAL JOHN M. T. Finney, of 
Baltimore, chief consulting surgeon of the 
American Expeditionary Forces, who sailed 
nineteen months ago for France as head of the 
Johns Hopkins Base Hospital Unit, returned 
to the United States on January 22. 


LIEUTENANT COLONEL ALLERTON S. CuSHMAN, 
having received his honorable discharge from 
the Ordnance Department, U. S. A., where he 
has served for the past eighteen months, has 
returned to his former professional activities 
as head of the Institute of Industrial Research, 
Washington, D. C. 


LIEUTENANT CoLoNEL J. H. Hiupepranp has 
returned after an absence of a year in France 
to his position of professor of chemistry in 
the University of California. He has been re- 
cently Commandant of Hanlon Field, near 
Chaumont, which included the Experimental 
Field and the A. E. F. Gas Defense School of 
the Chemical Warfare Service. 

_ Masor J. H. Maruews, Ordnance Depart- 
ment, U. S. A., has been released from military 
service and has returned to the University of 
Wisconsin. Professor Mathews has been pro- 
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moted to a full professorship, and has resumed 
his work in physical chemistry. 

Captain R. H. WHEELER, professor of psy- 
chology in the University of Oregon, who has 
been conducting psychological tests in the 
army, has returned to take up his work at the 
university. 

Masor Maurice Davurresne, the well-known 
French chemist is visiting the United States. 


L. E. Catt, head of the department of 
agronomy in the Kansas State Agricultural 
College, is leaving for France, where he will 
have charge of the work in grain crops for 
soldiers taking work in agriculture. 


Proressor CHARLES E. Munroer, of George 
Washington University, chairman of the Com- 
mittee on Explosives of the National Research 
Council, visited Boston to make an investiga- 
tion of the circumstances connected with the 
recent collapse of a huge molasses tank which 
caused the death of several people. 


WE learn from the Journal of the American 
Medical Association that Lieutenant Colonel 
H. Gideon Wells, Chicago, left the United 
States early in November as a member of the 
Balkan commission of the American Red 
Cross. The armistice and the cessation of 
hostilities made necessary a change in plans. 
He has now been detached from the position 
in connection with, the commission to the 
Balkan states, and has been appointed com- 
missioner representing the Red Cross in Rou- 
mania. He has organized a commission of 
sixty-eight persons to undertake general relief 
work instead of medical relief work alone, as 
there is a well developed medical profession in 
Roumania. The medical men of the party, 
aside from Lieutenant Colonel Wells, are Lieu- 
tenant Colonel Morley D. McNeal, of Johns 
Hopkins, Baltimore, and Major J. Brecken- 
ridge Bayne, Washington, D. C. The latter 
was two years in Roumania, kept there prac- 
tically as a prisoner during the German occu- 
pation, although allowed to do medical work 
among the Roumanian people. 

Art the annual meeting of the Association of 
of American State Geologists held in Balti- 
more, December 27-28, 1918, the following 
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officers were elected for the year 1919: W. O. 
Hotchkiss (Wisconsin), president; Edward B. 
Mathews (Maryland), member executive com- 
mittee; Thomas L. Watson (Virginia), secre- 
tary. The association was addressed on De- 
cember 28 by Messrs. George Otis Smith, di- 
rector, United States Geological Survey; H. 
Foster Bain, assistant director, Bureau of 
Mines and Professor John C. Merriam, of the 
National Research Council. The following 
standing committees were appointed: Coopera- 
tive geological problems: H. A. Buehler (Mis- 
souri), chairman, J. M. Clarke (New York), 
J. A. Udden (Texas), and J. Hyde Pratt 
(North Carolina). Strengthening of State 
Surveys: H. B. Kiimmel (New Jersey), chair- 
man, H. E. Gregory (Connecticut), and W. H. 
Emmons (Minnesota). Topographic mapping : 
W. O. Hotchkiss (Wisconsin), chairman, F. 
W. DeWolf (Illinois), and R. C. Allen (Mich- 
igan.). 


THE board of commissioners of the Wiscon- 
sin Geological and Natural History Survey at 
a meeting held in the office of Governor Philipp 
on January 16, 1919, elected President E. A. 
Birge, of the University of Wisconsin, as presi- 
dent of the board of commissioners. Owing 
to his new duties Dr. Birge felt it incumbent 
upon him to resign from the position of di- 
rector and superintendent of the survey, which 
position he has held since it was organized in 
1897. W. O. Hotchkiss, who has been state 
geologist for the survey since 1909 was made 
director and superintendent in addition to 
holding his present position as state geologist. 


Proressor A. M. CuickerinG, of Albion Col- 
lege, Michigan, has recently been elected to the 
vice-presidency of the section of zoology of 
the Michigan Academy of Science, to fill out 
the unexpired term of Professor Leathers, of 
Olivet College. 


W. M. SMALLWooD, professor of comparative 
anatomy, Syracuse University, is spending the 
second semester on leave of absence at the 
University of Minnesota, working with Dean 
J. B. Johnston in comparative neurology. 


Proressor A. Laveran, a member of the 
Paris Academie de médecine since 1893, has 
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been elected vice-president for 1919, auto- 
matically becoming president in 1920. 


_ Ar the meeting of the Washington Academy 
of Sciences on January 30, Major F. R. Moul- 
ton gave an address on the “ Deviation of the 
stars.” 


_ Dr. Grecory P. Baxter, professor of chem- 
istry at Harvard University, is giving at the 
Lowell Institute, Boston, a series of lectures on 
“ Chemistry in the war.” 

Wituiam Erskine Ketuicort, professor of 
biology at the College of the City of New 
York, died on January 29, at the age of forty 
years. | 


Dr. Brown Ayres, since 1904 president of 
the University of Tennessee and previously 
professor of physics and dean of the School 
of Technology of Tulane University, died on 
January 28, aged sixty-two years. 





UNIVERSITY AND EDUCATIONAL 
NEWS 


A scuoot for social research in New York 
City has been organized to meet the needs of 
those interested'in social, political, economic 
and educational problems. The school will 
open with a full program in October, 1919. 
In the meantime, lectures will be given from 
February 10 to May 3 by Professor Thorstein 
Veblin, James Harvey Robinson, Charles A. 
Beard and others. 

Dr. W. R. Bioor, formerly assistant pro- 
fessor of biological chemistry’ at the Harvard 
Medical School, Boston, Mass., has been ap- 
pointed professor of biochemistry and head of 
the division of biochemistry and pharmacology 
at the University of California. 

Mr. OC. 8. McKettoae, corporal in the Chem- 
ical Warfare Service, stationed at the Ameri- 
can University, has been furloughed to the 
University of Mississippi as assistant professor 
of chemistry, where he is to have charge of 
the work in organic and physiological chem- 


istry. 


Dr. Léon Fréperice, who was professor of: 


physiology at Liége and later at Ghent, was 
imprisoned by the Germans because he refused 
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to continue his courses in Flemish after the 
Germans had taken the city and were trying 
to remodel the university to be a Flemish. in- 
stitution. The government of Belgium has 
now appointed Professor Frédericq lord rector 
of the university. 


Dr. Jutes DvuesserG, will sever his con- 
nections as a member of the faculty of the 
Johns Hopkins University and will sail for 
Belgium on February 12. Dr. Duesberg went 
to Baltimore in 1915. He is is a native of 
Liége and in 1911 was made professor of 
anatomy at Liége University, where he will 
now resume his work. 





DISCUSSION AND CORRESPONDENCE 
ON MONKEYS TRAINED TO PICK COCO NUTS 


Reapers of the Sunday editions of some of 
our metropolitan papers may recall that in 
the fall, the season of cotton picking in the 
South, waggish space writers sometimes make 
the suggestion that monkeys be trained to do 
this work and that thereby the shortage of 
labor be relieved. 

In this connection there have come under 
my notice during the past year accounts show- 
ing that in a far distant part of the world 
monkeys are *trained to do service which, for 
want of a better descriptive title, may be 
called manual labor. The first of these is 
from the well-known woman traveller, Isa- 
bella Bird. In her interesting book “The 
Golden Chersonese and the Way Thither” 
(1883) she writes on page 425: 


A follower had brought a ‘‘baboon,’’ an ape 
or monkey trained to gather coconuts, a hideous 
beast on very long legs when on all fours, but 
eapable of walking erect. They called him a 
‘‘dog-faced baboon,’’ but I think that they were 
wrong. ... He is fierce, but likes or at all events 
obeys his owner, who held him with a rope fifty 
feet long. At present he is only half tame, and 
would go back to the jungle if liberated. He 
was sent up a coconut tree which was heavily 
loaded with nuts in various stages of ripeness 
and unripeness, going up in surly fashion, look- 
ing around at intervals and shaking his chain 
angrily. When he got to the top he shook the 
fronds and stalks, but no nuts fell, and he chose 
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a ripe one, and twisted it round and round till its 
tenacious fibers gave way, and then threw it 
down and began to descend, thinking he had done 
enough, but on being spoken to he went to work 
again with great vigor, picking out all the ripe 
nuts on the tree, twisted them all off, and then 
came down in a thoroughly bad, sulky temper. 
He was walking erect, and it seemed discour- 


teous not to go and thank him for all his hard 


toil. 


More to the point is the account given by 
Robert W. OC. Shelford in his book “A Nat- 
uralist in Borneo” (London, 1916). This 
book is packed with interesting natural his- 
tory data on a great variety of subjects gath- 
ered while he was curator of the museum 
founded by the great Rajah Brooke at Sara- 
wak. On page 8, Shelford says: 


Macacus nemestrinus, the pig-tailed Macaque or 
Brok of the Malays, is a highly intelligent ani- 
mal, and the Malays train them to pick coconuts. 
The modus operandi is as follows: A cord is 
fastened round the monkey’s waist, and it is led 
to the coconut palm which it rapidly climbs. It 
then lays hold of a nut, and if the owner judges 
the fruit to be ripe for plucking he shouts to the 
monkey, which then twists the nut round and 
round till the stalk is broken and lets it fall to 
the ground. If the monkey catches hold of an 
unripe fruit, the owner tugs the cord and the 
monkey tries another. I have seen a Brok act 
as a very efficient fruit-picker, although the use 
of the cord was dispensed with altogether, the 
monkey being guided by the tones and inflections 
of his master’s voice. 

E. W. Gupcer 

GREENSBORO, N. C. 


HAY-FEVER AND A NATIONAL FLOWER 


The Independent recently conducted what 
might be called. a popular voting contest in 
order to ascertain the favorite candidate for a 
national flower. The result is published in the 
issue of that magazine for October 26, 1918, 
and can be summed up in the introductory 
words of the article: 

We supposed that it would be merely a choice 
between the two leading candidates, the goldenrod 
and the columbine, but to our surprise three other 


flowers ran neck and neck with them: the sunflower, 
the clover and the daisy, while there were besides 
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a dozen also-rans. The candidates were so nu- 
merous and the votes so scattering that we must de- 
clare the election void. 

In the same article, in commenting on the 
goldenrod, they say: 

The hay-fever vote is something that every 
floral politician must consider, for it is undeniably 
influential. Still, the advocates of the goldenrod 
do not propose to toady to any such selfish inter- 
ests. 


The writer sincerely hopes this is not an 
expression of the general opinion concerning 
the sufferers from the malady misnamed hay- 
fever. Stories of the victims of this disease 
too often get into the funny papers in the same 
column with mother-in-law jokes—they both 
deserve to receive more consideration at the 
hands of the public at large. 

Hollopeter! states that hay-fever is largely 
due to the action of the pollen of the ragweed 
and of the goldenrod, the former being eight- 
five per cent. guilty while the latter is respon- 
sible for the remaining fifteen per cent., not 
taking account of some few cases probably 
caused by the pollen of other plants. This 
seems to reduce the harm done by the goldenrod 
to a small, amount, but it must be remembered 
that almost all cases are irritated by the pollen 
of this plant whether or not it is the specific 
cause of the attack. 

Between one and two per cent. of our adult 
population probably either has hay-fever or is 
liable to contract it if the proper conditions 
arise. The efficiency of the victims is reduced 
during the attack a great deal, in some cases 
even causing them to be confined to their 
homes for a month or six weeks every fall. It 
is true that on this point there is great va- 
riation, but all victims have a lowered vitality. 
Such a loss of time and efficiency is not only 
a detriment to the individual but is also a 
loss to the community. Why should we aid in 
the preservation and spread of a plant of such 
propensities, even if it is good to look upon? 
Rather it should be classed with the ragweed, 
and every effort should be made to stamp it 
out, at least in the neighborhoods of our cities. 


1 Hollopeter, W. C., ‘‘ Hay-fever, Its Prevention 
and Cure,’’ New York, 1916. 
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If we do not care to eliminate the goldenrod 
from the national flower contest because of 
thoughtfulness for our friends and neighbors 
who suffer from its existence, let us do so 
merely from the efficiency standpoint, both in- 
dividual and state. Horace GUNTHORP 


WASHBURN COLLEGE, 
TOPEKA, KANS. 


SCIENTIFIC BOOKS 


The Theory of Relativity of Motion. By 
R. ©. Totman. University of California 
Press. ix + 225 pp. 

This book, which the author calls an intro- 
duction to the theory of relativity, is very 
attractive in style, sufficiently accurate, and 
covers the subject rather thoroughly. After a 
brief sketch of the historical development and 
statement of the postulates on which Einstein 
founded the theory, there is a very interesting 
chapter containing “elementary deductions ” 
of some of the most striking results. This 
chapter makes it possible for students of 
physics to get a fairly definite idea of the 
subject without the rather perplexing mathe- 
matics in which it is usually hidden. Un- 
fortunately the author finds it necessary to 
state that observers moving relatively to each 
other would find the same measurements per- 
pendicular to the line of motion because they 
could make a direct comparison of their meter 
sticks when the motion brings such meter 
sticks into juxtaposition. There is nothing in 
the previous discussion that shows why this ap- 
plies when the meter sticks are perpendicular 
to the line of motion and not when they are 
parallel to it. 

A reader interested in the formal develop- 
ment would perhaps turn first to the chapter 
on the Lorentz transformations for, as Poin- 
caré pointed out, these constitute the real 
essence of relativity. Most writers have some 
difficulty in logically deducing these from 
Einstein’s postulates, the reason apparently 
being that it can not be done. The author 


avoids this difficulty by showing that the trans- 
formations do satisfy the postulates without 
attempting the impossible converse. 
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The applications cover the dynamics of a 
system of particles, elastic bodies, thermo- 
dynamic systems, and electromagnetic theory. 
In a chapter on the chaotic motion of a system 
of particles there is given what amounts to 
statistical mechanics in the form required by 
the principle of relativity. The last chapter 
is an introduction to the four-dimensional 
vector analysis used by Wilson and Lewis. 
This will be welcomed by many readers who 
have struggled with the original. The book 
does not enter into the extended relativity pro- 
posed by Einstein in connection with his 
speculations on gravitation. H. B. Puiuirs 





SPECIAL ARTICLES 
ON EXPLAINING MENDELIAN PHENOMENA 


So many devices have been invented for 
representing the possible combinations of the 
various factors in Mendelian inheritance that 
one comes to entertain a suspicion that other 
folk have their troubles also in the presenta- 
tion of this subject to beginners. The follow- 
ing suggestion is offered as having helped in 
serious cases. The beginning student of hered- 
ity is dealing with unfamiliar terms and, un- 
less considerable laboratory work has rendered 
him no longer a beginner, he is corsidering 
unfamiliar processes. In his quicksand of 
strangeness he is glad to find a firmament of 
familiarity and he, therefore, welcomes a 
process of reasoning or of routine that he has 
employed before. Practically every high school 
graduate has had at least a year of algebra 
and has learned by rote the square of a+ b. 
Whether or not he remembers that a? +-2ab+- b? 
represents all the possible combinations of the 
two factors, he is in a position to be reminded 
of that fact and to take the first short step 
into the unfamiliar. If @ and b represent 
the two types of gametes produced by the 
heterozygous parents F,, then a? + 2ab + b? 
represents all possible progeny in the F, gen- 
eration. Factors of second power represent 
pure strains because the determiner is the 
same from both parents. Conversely factors 
of the first power represent heterozygotes or 
the union of unlike determiners. 
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The greatest service of this method appears 
when the two sets of allelomorphs are com- 
bined. The student has learned to multiply 
a? -+- 2ab + 6? by the expression x? +- 2ry + y?. 
He will perform the operation as one familiar 
to him and he can readily be taught to recog- 
nize the four pure strains a*x?, a*y?, b?x?, by”. 
Suppose a and y represent the dominant char- 
acters and b and «x represent the recessives, 
emphasizing the fact that the dominant is 
effective whether appearing as the first or as 
the second power. Suppose a represent tall- 
ness and y represent red flower in a plant. 
Gathering the results of the multiplication 
according to visible attributes we have four 
columns representing the Mendelian ratio 
9:3:38:1. 








Dwarf Red | Dwarf White 


TallRed | Tall White 








2a*xy | a*x? . bey? b?x? 
4abry 2abzx? 2bry 
2aby? | 
ay? | 
9 3 3 | 1 








This is only one of many devices all alike 
fundamentally but it has the great value of 
utilizing a familiar process. Many times I 
have seen it clear up a badly fogged situation. 
It is worth trying on the discouraged pupil at 
any rate. Love Houmes MILLER 

State NorMAL SCHOOL, 

Los ANGELES, CALIF. 


SILEXITE: A NEW ROCK NAME 


In the granites of the Adirondack region the 
writer has observed many bodies of pure or 
nearly pure silica of igneous origin in the form 
of dikes segregation masses practically in situ, 
or inclusions. Among many other districts 
where similar masses of silica occur is the 
Silver Peak quadrangle of Nevada in an ac- 
count of which Spurr has described many con- 
siderable bodies of quartz of magmatic origin. 
Numerous fine examples of so-called “ quartz 
dikes” oceur in the Holyoke quadrangle of 
western Massachusetts described by Emerson. 
The need for a definite, name to apply to any 
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such body of silica has impressed itself upon 
the writer during the preparation of a dis- 
cussion of the acidic dikes of northern New 
York. Such terms as “ quartz dikes ” or “ dike 
quartz” are not comprehensive enough, first, 
because much of the silica under consideration 
is not in dike form, and, second, because the 
silica may be either quartz or tridymite de- 
pending upon the temperature of crystalliza- 
tion. 

The term “selexite” is proposed for any 
body of pure or nearly pure silica of igneous 
or aqueo-igneous origin which occurs as a dike, 
segregation mass, or inclusion within or with- 
out its parent rock. This term is based upon 
the name “silex” used by Pliny in his 
“ Natural History ” for the mineral now known 
as quartz. “ Silexite,” therefore, not only has 
the advantage of simplicity as a name, but also 
it directly suggests the composition of the 
rock which it names. 

Wituiam J. MILLER 

SmiTH COLLEGE 


THE WESTERN SOCIETY OF 
NATURALISTS 


THE Bay Section of the society held a two-day 
meeting at Stanford University, November 29-30, 
1918. The sessions, held in Jordan Hall, were well 
attended and the various papers which were of 
more than usual interest were enthusiastically re- 
ceived. Dr. Joseph Grinnell served as chairman. 
An informal dinner Friday evening and a field trip 
on Saturday afternoon were features of the occa- 
sion. Dr. 8S. D. Townley gave the evening lecture 
on ‘‘ The recent solar eclipse.’’ 

The following papers were presented: 


Isolation as a factor in species forming: Davip 
Stark JORDAN, Stanford University. 

A Thanksgiwing Day registration of plants in 
bloom on Mt. Tamalpais: Auice Eastwoop, 
California Academy of Sciences. 

Use of selective dyes in sanitary examination of 
water: IvAN C. Hau, University of California. 

The naturalist’s place in his community: E. W. 
ALLEN, Fresno High School. 

Adaptation of the eyes of birds for rapid flight: 
J. R. SLOoNAKER, Stanford University. 

Intrauterine absorption of conceptsuses: A. W. 
Meyer, Stanford University. 
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The relations between the salinity of water and 
the osmotic pressure of nereocystis: ANNIE May 
HurD, University of California. 

Gistel’s natural history: Daviy STARR JORDAN. 

The English sparrow has arrived in Death Val- 
ley: J. GRINNELL, University of California. 

The Steinhart Aquarium of the California Acad- 
emy of Sciences: B. W. EvERMANN, California 
Academy of Sciences 

Some phases of plant succession due to grazing: 
C. H. SHattuck, University of California. 

Larval stages of the Japanese blood-fluke, Shisto- 
soma japonicum: W. W. Cort, University of 
California. ’ 

Genetic investigations of the Composite: E. B. 
Bascock, University of California. 

New habitat groups in the musewm of the Cali- 
fornia Academy of Sciences: B. W. EVERMANN. 

Demonstration of a plankton net: W. E, ALLEN. 

The discovery of some new white fishes in Bear 
Lake, Idaho: J. O. SNypER, Stanford University. 

The work of the Committee on Zoological Investi- 
gation of the Council of Defense of California: 
B. W. EVERMANN. 

The Escalonias in Golden Gate Park: Auice East- 
WOOD. 

The five-toed kangaroo rats of west-central Cali- 
fornia: J. GRINNELL. . 

Orthogenesis: Davip STARR JORDAN. 

Mussels of the Pacific Coast: E. P. Ranxtn, U. 8. 
Bureau of Fisheries. . 
The ovulation and Estrus cycle in the rat: J. A. 

Lone, University of California. 

Bacteriology of peanut butter: Ivan C. HAL. 

The inspection of foods in mills and warehouses: 
R. W. Doanz, Stanford University, California. 

Structure of embryonic heart muscle: E. D. 
Conapon, Stanford University. 

What kinds of botany does thé world need now: 
G. J. PEIRCE. 

Papers were read for C. V. Taylor, Forrest 

Shreve and D. T. MacDougal, the authors not being 

present. 





THE TENNESSEE ACADEMY OF 
SCIENCE 

THE tenth meeting (seventh annual meeting) of 
the Tennessee Academy of Science was held on No- 
vember 29, 1918, at Vanderbilt University, Nash- 
ville, Tenn., President John T. McGill presiding. 
The program was as follows: 

Memorial Sketch of Dr. A. H. Purdue, by Dr. 
L, C. Glenn. 

Annual address of the president, ‘‘ Tobacco 
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smoke; its composition and toxicity,’’ by Dr. John 
T. McGill. 

A vocational survey of the chemical industries of 
Nashville, by Professor H. A. Webb. 

The effect of the Old Hickory Works upon Cum- 
berland River water, by Dr. W. H. Hollinshead. 

Reelfoot Lake water, by Dr. J. I. D. Hinds. 

On the temperature of reduction with hydrogen, 
by Dr. J. H. Ransom and Dr. J. L. St. John. 

The sulphur industry in the United States, by 
Miss Gretchen H. Lee. 

The differential action of lime and magnesia 
upon the conservation of soil sulphur, by Pro- 
fessor W. H. McIntire. 

Carbocoal, a new smokeless fuel from high vola- 
tile coals, by Dr. C. H. Gordon. 

Geology as applied to warfare, by Wilbur A. Nel- 
son. 

The contributions of biology to winning the war, 
by Dr. E. E. Reincke. 

Forestry and the war, by R. 8. Maddox. 

Uses of meteorology in the war, by Roscoe Nunn. 

The geographic basis of the European war, by 
Professor A. E. Parkins. 

The migration of the birds of the Mississippi 
Valley, with special reference to Reelfoot Lake, by 
W. D. Howser. 

The future of the airplane, by Latimer J. Wilson. 

The election of officers for the ensuing year re- 
sulted as follows: 

President, Dr. L. C. Glenn, Vanderbilt Univer- 
sity, Nashville, Tenn. 

Vice-president, Professor Scott C. Lyon, South- 
western Presbyterian University, Clarksville, Tenn. 

Editor, Dr. C. H. Gordon, University of Tenn- 
essee, Knoxville, Tenn. 

Secretary-Treasurer, Roscoe Nunn, U. 8. Weather 
Bureau, Nashville, Tenn. spate 
Roscoz Nunn, 
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